Background Limited research is available that examines the nutritional behaviour and health of hotel staff working alternating and regular shifts.
Introduction
Shift work is an integral part of the hotel industry profile [1] . As such, 67% of the labour force work at weekends and at night. Other central characteristics in this industry include temporary contracts, unpredictable working hours, frequent omission of breaks and often a precarious economic situation [2, 3] . These issues may explain the low average age of employees (36 years), and the high labour turnover, with the average period of employment being 2-3 years [4] .
Shift work is known to be associated with various health risks [5] [6] [7] [8] . Associations between shift work and cardiovascular [7] [8] [9] and gastrointestinal diseases have been observed [5, 10, 11] , but other health complaints are also more common among shift workers [12] [13] [14] . The mismatch between shift working and human biological rhythms is thought to be a determining cause [5, 11] . Additionally, accidents and heightened or incorrect loading of the musculoskeletal system increase health risks among hotel industry employees [3] .
Unfavourable nutritional behaviour appears to contribute significantly to the aetiology of health problems associated with shift work [11] . Irregular food intake or missing meals and the consumption of cold foods that are rich in calories and hard to digest are not uncommon in shift workers [15] [16] [17] . Shift workers also engage in more behaviours hazardous to health [5, 11] . There is also evidence that shift workers have more unfavourable deviations in body dimensions [11, 18, 19] and metabolic values [11, 19, 20] . Hotel industry shift workers are also frequently exposed to environmental factors such as second-hand smoke or alcohol intake [1, 3] .
As the hotel industry takes care of clients' board and nutrition, its employees might be expected to show more health-conscious nutritional behaviour, but the evidence does not support this. Novotny et al. [21] studied the nutritional behaviour and body dimensions of overweight (body mass index (BMI) > 25.0 kg/m 2 ) of hotel employees on a Hawaiian island. They found that the employees had an average BMI of 29.3 kg/m 2 and an average waist height ratio of 0.56. The mean number of servings of sweetened beverages (lemonade, sweetened juices and teas) per day was 1.0 (recommendation: little or no sweetened beverages). The average number of servings of fruit was 2.9 (recommendation: 2-5) and of meat 1.6 (recommendation: 2-3). Although no serious nutritional deficits were observed, body dimensions were unfavourable. An earlier Hawaiian study of hotel employees demonstrated a strong relationship between blood pressure and obesity in women, whereas blood pressure in men was associated with the central distribution of fat [22] . According to Bohle et al. [23] , unpredictable work schedules are associated with unhealthy behaviours such as irregular meals and lack of physical activity.
There is a lack of research on nutritional behaviour and health of shift workers in the hotel industry. The goal of this study was therefore to analyse systematically the nutritional behaviour and health of employees working in two different shift systems with particular emphasis on whether the nutritional behaviour and health of hotel staff working alternating shifts (AS, i.e. alternation of shifts at different times, with night and weekend work) differed from employees working regular shifts (RS, i.e. long-term work at regular hours). We hypothesized that compared with RS work (after controlling for sex and age), working AS is associated with 1. nutritional behaviour that is hazardous to health [11, [15] [16] [17] ; 2. body dimensions [11, 18, 19] and metabolic parameters [11, 19, 20] that are disadvantageous to health and 3. more diseases and health complaints [5] [6] [7] .
Methods
For this ex post facto cross-sectional analysis, we recruited employees working AS and RS from 11 hotels, whose occupational health and safety were regulated through the Government Safety Organization Foods and Restaurants (BGN), German Social Accident Insurance Institution for the foodstuffs and catering industry (ASD*BGN). The survey period was from May to August 2012. The data on nutritional behaviour and health were collected as part of an extended occupational health screening.
Sociodemographic, occupational and health data were collected using a modified shift worker questionnaire (R. Seibt, S. Spitzer, unpublished data). The assignment to one or other shift system was also determined through this questionnaire. The Food Frequency Questionnaire by Westenhöfer [24] was used to assess nutritional behaviour. This questionnaire measures how often certain foodstuffs from the following categories are consumed: grain products, milk products, animal products, vegetables/fruits, fats and sweets (answer categories: from several times a day to seldom/never). A 'beverages' category was added for this survey. We also asked how regularly the survey participant had breakfast, lunch, dinner and snacks (answer categories: daily, more than twice a week, once or twice a week or never). Specific sum scores were assigned to the answers. Based on the score in each category, the health-promoting effect of the respective consumption pattern was evaluated on an ordinal scale (Tables 2 and 3 ). Two indices were calculated from these data: the Diet Selection Index (DSI: range 0-4) and the Regularity Index (RI: range 0-4). Higher values signify that diet selection and diet regularity are considered to be healthier.
As health parameters, body dimensions (BMI, waist circumference, waist hip ratio (WHR), fat mass and active cell mass) and metabolic parameters (glucose, triglyceride, total cholesterol, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) and LDL:HDL ratio) were included. The body composition was measured with the Body Impedance Analyser (Corpus RX 4000, Medical Healthcare GmbH).
Additionally data were collected with questionnaires on the number of medical diagnoses (Work Ability Index, subscale WAI 3, short version) [25] and the number and characteristics of health complaints (Beschwerden-Liste, B-L) [26] . The number of medical diagnoses ranged from 0 to 14. Characteristics of health complaints were scored on an ordinal scale (answer categories: from none to strong). These values were added to produce a total score for health complaints.
This study was conducted in conformance with the guidelines of the World Medical Association (WMA) Declaration of Helsinki and the ethical principles of medical research involving human subjects amended by the Ninth WMA General Assembly, Seoul, Republic of Korea, October 2008. As a matter of legal succession, it was funded by the Government Safety Organisation Foods and Restaurants in Mannheim.
Statistical analysis was conducted using the Statistical Package for the Social Sciences (SPSS Version 21.0) software. Variance analysis and ordinal and logistic regression analysis were applied in the examination of differences in the variables of nutritional behaviour and health parameters between the shift groups. Statistical adjustment for sex and age was conducted in all analyses since these covariates exert significant influence on nutrition and health. Table 1 shows the characteristics of the sample, which included 150 employees in the hotel industry (60 men and 90 women). Fifty-three of them worked in AS (without night work, but with weekend work) and 97 worked in RS. The study participants worked in several different positions representative of the various tasks in the hotel industry. The work areas included reception, customer care, housekeeping, restaurant/bar, bookkeeping, maintenance and utilities management, personnel management, sales and marketing, event planning and warehouse management. The average age of the sample was 35 ± 10 years (age range: 20-63) and did not differ significantly between groups. The average weekly working time was 42 h, whereas the RS workers worked an average of 3 h more per week (P < 0.01) and included more female employees (P < 0.01). On average, the employees had a working life of 16 years. No significant difference in health behaviour between those working in the two shift systems was found. AS employees did not show more harmful behaviour regarding smoking, alcohol consumption or physical activity compared with RS employees (Table 1) .
Results
Information on the consumption frequency of foods and the regularity of eating among the two shift groups are listed in Tables 2 and 3 , respectively. AS and RS employees did not differ significantly in their nutritional behaviour in any of the observed variables (Tables 2 and  3 ). The mean values of the DSI and the RI reveal that employees in both shift groups had, on average, moderately healthy to rather good nutritional behaviour. Both groups showed generally good, although improvable grain consumption, close to adequate milk product consumption, relatively adequate animal product consumption, good to optimal fat consumption and acceptable beverage consumption (Table 2) .
Most employees in both of the groups had breakfast, lunch and dinner daily (Table 3 ). In comparison to the AS group, the RS group showed a tendency to have snacks more frequently.
Sex and age had a significant influence on nutritional behaviour. Compared with men, women consumed somewhat fewer animal products, more fruit and vegetables and more sweets. Women also showed healthier beverage consumption. The regularity of eating breakfast or other meals increased with age, whereas the frequency of snacks decreased. Consumption of grain products also increased with age.
The health parameter results are shown in Table 4 . There were no significant differences in body dimensions between both groups. Based on the BMI, both groups were slightly below the threshold for overweight (means-AS: 24.0 kg/m 2 ; RS: 25.0 kg/m 2 ). As expected, women showed on average a lower BMI, a lower waist circumference and a lower WHR than men. Waist circumference and WHR increased with age.
Work schedule was a significant factor in explaining the variance for both fat mass (3%) and active cell mass (5%). Employees working AS showed a lower proportion of fat mass and higher proportion of active cell mass. As expected, women had significantly lower active mass but higher fat mass than men. Age, on the other hand, had no influence on body composition (Table 4) .
There were no significant differences between shift groups for metabolic parameters. Mean values illustrate that all metabolic parameters were within their respective normal ranges. Only the average total cholesterol values were slightly high for both groups, being just below a health-endangering Frequency distribution is described through the absolute number of participants in the subgroups and as a fraction of the total sample. For other characteristics, mean value (mean), standard deviation (SD), minimum (Min.) and maximum (Max.) are used. The effect of smoking was determined based on cigarettes consumed per day. Data on alcohol consumption are presented as amount of pure alcohol per day (g). The effect of physical exercise is based on the reported number of hours per week. Results of variance analysis and ordinal regression for assessment of differences between the work schedule groups in frequency of food consumption and in DSI and RI (controlling for covariates sex and age Criteria for the aggregated assessment of the food choices were developed by Korinth and Schieß [27] . For the present study, this scoring was used with adjusted food category identifiers and with previously marked modifications.
level. Women showed significantly lower triglyceride and LDL cholesterol values, a lower LDL:HDL ratio and higher HDL cholesterol values than men. Total cholesterol and LDL cholesterol increased with age.
Health complaints differed considerably between shift groups. Compared with the RS, employees with AS reported on average more health complaints and these were more serious (AS: 12 ± 9; RS: 10 ± 7; P < 0.05). The most frequent complaints (Beschwerden-Liste, B-L) [26] for both groups were an excessive sleep requirement (AS: 15%; RS: 7%), anxiety (AS: 13%; RS: 8%), irritability (AS: 8%; RS: 5%) and exhaustion (AS: 6%; RS: 4%). There were no significant differences in the number of medical diagnoses (Work Ability Index, subscale WAI 3, short version) [25] between the groups. The most frequently mentioned diagnoses were musculoskeletal disorders (AS: 19%; RS: 18%) and cardiovascular disease (AS: 11%; WS: 12%). Employees with AS also reported a high number of accidental injuries (AS: 28%; RS: 9%).
In comparison to women, men suffered significantly less from nausea, hypersensitivity to cold, an excessive sleep requirement and dizziness. Excessive sleep requirement decreased significantly with age.
Discussion
This study found no differences in nutritional behaviour, body dimensions or metabolic parameters between hotel employees working AS and RS. However, AS employees had on average lower fat mass and higher active cell mass but reported more pronounced health complaints.
The comprehensive data make it possible to analyse in detail the possible negative health effects of shift work and to evaluate the nutritional and health characteristics of hotel industry employees, so far a rarely studied occupational group. Moreover, critical health parameters (i.e. body size, body composition and metabolic parameters) were measured objectively, thereby avoiding subjective response bias. In addition, two important factors (sex and age) were statistically controlled.
The ex post facto cross-sectional nature of the study is a substantial methodical limitation. A targeted manipulation of the independent variable (shift system) was not possible for ethical and practical reasons. A healthy worker effect may also influence the results. Accordingly, current shift workers would appear to be healthier than expected. Thus, the associations between shift work and health-related variables remain unclear.
Furthermore, the surveyed group was a convenience sample and participation was voluntary. There is reason to believe that voluntary participants differ from involuntary participants. Health-conscious employees or employees with more free time may be more likely 26 (49) 30 (31) Results of ordinal regression for assessment of differences in regularity of meals and snacks between the work schedule groups (controlling for sex and age). The descriptive values include absolute and relative frequencies (number (%)). Test statistic for regression is the Wald statistic (W). Positive estimators in ordinal regression suggest that in comparison to AS, employment in RS is associated with a higher category of the dependent variable. Negative estimators mean that in comparison to AS, employment in RS is associated with a lower category for the dependent variable. Confidence interval (CI) is defined by the lowest (L) and the highest (H) values.
to take advantage of occupational health screening. Both factors could influence the target variable, since a health-conscious attitude is very likely to be associated with healthier nutritional behaviour and additional free time may suggest lower workload and a lower stress level. In the literature reviewed, two studies indicated that shift workers eat less regularly and less frequently than was used as the measure of effect size. Test statistic for ordinal regression is the Wald statistic (W). Positive estimators in ordinal regression suggest that in comparison to AS, employment in RS is associated with a higher category of the dependent variable. Negative estimators mean that in comparison to AS, employment in RS is associated with a lower category of the dependent variable. The measure odds ratio (OR) in logistic regression shows the factor by which the chance of belonging to the health-endangering level of the dichotomous criteria rises (the level 'RS' acts as reference category). Confidence interval (CI) is defined by the lowest (L) and the highest (H) values. B, regression coefficient of the logistic regression; U, Mann-Whitney U-test. a Classification according to Gallagher et al. [28] .
b Raw values of the B-LR: 0 (complete lack of symptoms) to 60 (considerable impairment across all surveyed complaints). day workers [15, 16] . Duchon and Keran [15] found that the proportion of those who had three meals per day declined from 28% for the day shift to 19% for the evening shift to 6% for the night shift. Furthermore, 9% of survey participants in the day shift, 11% in the evening shift and 25% in the night shift had only one meal per day. These differences in the regularity of meals between AS and RS workers were not demonstrated in our study. However, neither of the groups achieved the consumption of five servings of fruit and vegetables per day, as recommended by the German Association for Nutrition [29] , and moreover, a relatively frequent consumption of sweets was observed.
Previous research also reported that shift workers were often dependent on their own cold meals as a result of insufficient workplace catering services and a lack of availability of unprocessed foodstuffs [15, 17, 30] , and such meals may be nutritionally unbalanced, high in calories and difficult to digest. Additionally shift workers often have a low intake of dietary fibre, low liquid intake, high share of saturated fats and simple/isolated carbohydrates and low consumption of starch and slow carbohydrates [17] . In this study, we did not measure the exact calorie intake and the nutritional composition of consumed food, but the nutritional intake did not differ significantly between AS and RS workers. In this respect, the results are in agreement with the literature [31] .
Nutritional problems associated with shift work in other industries seem to have little or no significance in the hotel industry. Providing food to customers can result in heightened attention to one's own nutrition. Because nutritional behaviour was self-reported, it is possible that the AS workers represented their eating habits in a more favourable light than in reality, over-reporting consumption of healthy foodstuffs or under-reporting that of less healthy foodstuffs.
A considerable gap exists in the definition of 'alternating shifts' between the existing literature and this study. While several studies deal predominantly with shift work in shift systems with night work, this study concentrates on shift workers with alternating day and evening shifts, where the evening shift lasted until 1 or 2 a.m. Consequently, the AS might have been a milder stress factor, due to the lack of a full night shift.
Our results did not find the often reported abnormal body dimensions [9, 11, 13] and poor metabolic values [13, 14, 22] of shift workers in comparison to day workers. Considering the nutritional behaviour of both groups was similar, these results are not surprising. A surprising finding was the lower fat mass and higher active cell mass for shift workers. So far there has been no research on the body composition of shift workers. However, a consensus exists among researchers that the typical weight gain of shift workers can be attributed to an increase in body fat mass [21] . However, AS workers in the hotel industry do tasks that are physically more demanding (e.g. housekeeping and warehouse management) than the tasks of the RS workers (e.g. accounting and reception). As a result of these demanding activities, muscle mass (a component of active cell mass) is built up and fat mass is reduced. This effect should be further studied in follow-up research.
The finding that AS workers had more serious health complaints is in accordance with the literature [5] [6] [7] [8] . However, the expected typical differences in the frequency of cardiovascular and gastrointestinal diseases [6, 7] were absent. This could be a result of the young age of sample or the healthy worker effect. However, shift work is generally much less associated with significant diseases than minor health complaints [5] . To summarize, this study provides important pointers to the nutrition and health of shift workers in the hospitality industry. These findings are relevant for the development of appropriate illness prevention and intervention programmes.
Key points
• Nutritional problems typically associated with shift work were largely absent in this study of hospitality industry workers. The nutritional behaviour of the employees studied, working in alternating and regular shifts, did not differ from each other and could be considered moderately healthy to good.
• Between the shift groups, there were no significant differences in body dimensions or metabolic parameters. In comparison to the regular shift workers, those working alternating shifts had lower fat mass and higher active cell mass but reported more, or more pronounced, health complaints.
• The significant influence of sex and age on nutritional behaviour was confirmed.
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